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Introduction
Large scale porphyry Cu-Mo deposits contain huge
quantities of sulfur as sulphide minerals. Studies of sul-
fur and metal sources may provide information about the
genesis of the deposit. Typically, felsic magmas have a
low solubility for sulphur and are not sufficient to supply
significant amounts of sulphur required to form porphyry
Cu-Mo deposits. The mixing of mafic and felsic magmas
has been and remains a widely discussed phenomenon
in the study of mineralized porphyry systems. In recent
years, there have been some studies related to injection
of mafic magma into a compositionally evolved chamber
as a potential sulfur and metal source for porphyry
related mineralization (Keith et al., 1998; Hattori and Keith,
2001; Maughan et al., 2002). In this respect, the ore-bear-
ing complex of porphyry Mo-Cu Zhireken deposit show-
ing evidence of magma mixing is of certain interest.
Geological Setting
The porphyry Mo-Cu mineralization of Mesozoic age is
widespread in Transbaikalia (Russia). These deposits are
located along the Mongolo-Okhotsk lineament. The
volcano-plutonic belts occured when the Mongolo-
Okhotsk ocean plate was subducted beneath the Sibe-
rian continent (north of lineament) and beneath the
Mongolo-Chinese continent (south of the lineament). The
ocean closed in the Middle-Late Jurassic as a result of
the collision of the Siberian and Mongolo-Chinese conti-
nents, followed by the formation of granitoid plutons
(Berzina et al., 1999). Porphyry Cu-Mo mineralization is
associated, in both time and space, with porphyry stocks
and dikes formed during periods of waning magmatic
activity (Sotnikov and Berzina, 1986 and 2000). Accord-
ing to geological and isotopic data, the porphyry stocks
and numerous dikes are attributed to the beginning of
rifting (Berzina et al., 1994 and 1999).
The Zhireken porphyry Mo-Cu deposit is located in the
northern part of the Mongolo-Okhotsk fold belt within
the Bushulei Pluton. This deposit was discovered in 1945,
explored in 1958-1966 and is being mined at present. The
pluton is composed mainly of collision related calc-alka-
line granites with minor granodiorites and grano-syeni-
tes (Amanan Series) of normal to higher    alkalinity. The
age of Amanan series of rocks is 188 to 168 Ma
(Ponomarchuk et al. 2004). The ore-bearing porphyries
(Zhireken Porphyry Series) occur as stocks and dikes in
surrounding Amanan biotite granites and leucogranites.
Small dikes of quartz diorite porphyries are of minor im-
portance and occur before and after the emplacement of
porphyry stock. The 40Ar/39Ar ages of porphyries are 160
to 158 Ma (Ponomarchuk et al. 2004). According to
Berzina et al. (2003) Re-Os dates for molybdenite give an
age of 162-163 Ma (Table 1). The mineralized stockwork
(0.12 km2) is confined to the junction of NW and N-trend-
ing faults, dipping to the northeast. Pipe-like breccia body
(120x60 m) is located in the central part of the stockwork
and  extends  to  a depth of  600 m. The deposit contains
metal reserves of 100 Kt at 0.1% Mo and 100 Kt at 0.1%
Cu. Molybdenite is a dominant commercial mineral and
chalcopyrite as well as chalcosite are secondary. The
granite porphyries show Sr isotopic value indicating
mantle-crust interaction (87Sr/86Sr)0=0.70642.
Host Rocks and Mafic Enclaves
The coexistence of felsic and mafic magmas is supported
by the occurrence of small spherical enclaves (globules)
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of dark-colored rocks in ore-related granite porphyries.
Mafic microgranular enclaves (up to 5-10 cm in diameter)
occur in the groundmass of the porphyries (Fig. 1A). The
smallest are 5 mm across (Fig. 1B). MME are fine grained,
exhibiting a general hypidiomorphic granular texture
(Fig. 1C). These enclaves are darker than host granite
porphyry and show sharp contacts with host rock. Bi-
otite, K-feldspar and quartz fill interspaces between
lath-shaped crystals of plagioclase. Biotite is the sole
ferromagnesian phase with a composition typically
similar to that of the host granite porphyries. The plagio-
clase in mafic enclaves is dominated by anorthite compo-
nent as compared to the groundmass and phenocrysts
of the porphyries. Major element geochemistry indicates
that MME are metaluminous (A/CNK=0.92), while host
porphyry rocks are peraluminous (A/CNK=1.07).
Microgranular enclaves are classified modally as tonalites.
Phenocrysts in granite porphyries make up 40-50% of
rock volume and mainly constitute K-feldspar, plagio-
clase (albite-oligoclase) and quartz with minor biotite.
Fine-grained (0.01-0.05 mm) groundmass of the porphyry
is composed of the same minerals. The accessory miner-
als are magnetite, apatite and celestite. Granite porphy-
ries are classified modally as monzogranites. The K2O vs.
SiO2 diagram indiactes that MME and kersantite dikes
have shoshonitic affinity unlike host granite porphyries
that are located in the high-K calc-alkaline field .
The coexistence of felsic and mafic magmas is confirmed
by the presence of quartz and K-feldspar phenocrysts in
kersantite dikes. The quartz grains (up to 2-3 mm) are
usually rounded and corroded and in some cases, granu-
lated into aggregates. The quartz in MME has inclusions
similar in composition and texture to the granite porphyry
groundmass. K-feldspar forms large (up to 1x1.5 cm) grains
with resorbed margins and thin plagioclase rims. Granite
porphyries often include partially resorbed plagioclase
crystals of reticulate structure with rims of more basic
composition. According to experimental data by
Tsuchiyama (1985) this structure occurs during partial
dissolution of acid plagioclase in more basic melt.
The mafic microgranular enclaves are chemically distinct
from the host granite porphyries and are somewhat
similar to that of the late kersantite dikes (Table 2). The
SiO2 content of the enclaves is 54.6 wt %, which is lower
than the SiO2 content of the host granite porphyry (70.6
wt %).
Accessory magnetite in mafic enclaves shows high Cr2O3
up to 3.2% (Table 3). It also contains Cu (1500 ppm), Mo
Table 1. Characteristics of the Zhireken deposit
                         Characteristics Key  references
Deposit status, Active open pit; Berzina et al.,
size (contained metal) 100 Kt Mo@0.03- 2003




Age (Ma), 160-158 Ponomarchuk
40Ar/39Ar et al., 2004
Re-Os age of 162-163 Berzina et al.,
molybdenite 2003
(Ma)
Mineralization molybdenite, Sotnikov &
pyrite, chalcopyrite, Berzina, 2000
sphalerite, galena
Dominant rock type granite porphyry Sotnikov &
Berzina, 2000
Dominant type potassic, argillic Sotnikov &
of alteration Berzina, 2000
Initial 87Sr/86Sr 0.70642 Sotnikov et al.,
2001
d 34S, ‰




      Fig. 1. Photographs of MME from the Zhireken de-
posit. (A Typical view of MME with oval shape. (B) Pho-
tomicrograph of MME. (C) Texture of MME.
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phur and ore metals in evolving felsic magma hydrother-
mal fluid. Thus, injection of mafic component into already
existing subvolcanic felsic magma chambers is one of the
main factors controlling productive Cu-Mo systems.
Acknowledgement. The support provided by Russian
Foundation for Basic Research (Grant 06-05-64254) and
NSH-4933.2006.5 is gratefully acknowledged.
References
Baker, L. L; Rutherford, M. J. (1996) Crystallization of
anhydrite bearing magmas. Trans. R. Soc. Edinb.
Earth Sci., 87, 243-250.
Berzina, A. P; Sotnikov, V. I; Berzina, A. N; Gimon, V. O.
(1994) Features of magmatism in Cu-Mo deposits in
various geodynamic settings. Russian Geology and
Geophysics, 35 (7-8), 204-217.
Berzina, A. P; Sotnikov, V. I; Berzina, A. N. (1999) Por-
phyry Cu-Mo deposits and geodynamic settings
(Siberia, Mongolia). In: Mineral Deposits: Processes
to Processing. Proc. of Fifth Biennial SGA Meeting
and Tenth Quadrennial IAGOD Meeting. C.J.
Stanley et al. (eds.), Balkema, Rotterdam, 1, 317-320.
Berzina, A. N; Stein, H.J; Zimmerman, A; Sotnikov, V. I.
(2003) Re-Os ages for molybdenite from porphyry
and Mo-W deposits of southern Siberia (Russia).
In: Mineral Exploration and Sustainable Develop-
ment. Proc. of the Seventh Biennial SGA Meeting,
D. Eliopoulos et al. (eds.), Athens, Greece. Millpress,
Rotterdam, 1, 231-234.
Hattori, K. H; Keith, J. D. (2001) Contribution of mafic
melt to porphyry copper mineralization: evidence
from Mount Pinatubo, Philippines, and Bingham
Canyon, Utah, USA. Miner. Deposita, 36, 799-806.
Keith, J. D; Christiansen, E. N; Maughan, D.T; Waite, K.
A. (1998) The role of mafic alkaline magmas in felsic
porphyry Cu and Mo systems. Geol. Assoc. Can.
Short Course Note, Geological Association of
Canada, St. John’s, Newfoundland, 211-243.
Maughan, D.T; Keith, J. D; Cristiansen, E. H; Pilsipher, T;
Hattory, K; Evans, N. J. (2002) Contribution from mafic
alkaline magmas to the Bingham porphyry Cu-Au-
Mo deposit, Utah, USA. Miner. Deposita, 37, 14-37.
Peccerillo, A; Taylor, S. R. (1976) Geochemistry of Eocene
calc-alkaline volcanic rocks from the Kastamonu
area, northern Turkey. Contr. Mineral. Petrol., 58,
63-81.
Ponomarchuk, V. A; Sotnikov, V. I; Berzina, A. N. (2004)
Isotopic and geochronological heterogeneity of
granite porphyry from the Zhireken porphyry Cu–
Mo deposit (Eastern Transbaikalia). Geochemistry
International, 42 (6), 587-590.
Shand, S. J. (1943) Eruptive rocks-genesis, composition,
classification and their relation to ore-deposits.
John Wiley & Sons, 444 p.
Sotnikov, V. I; Berzina, A. P. (1986) Ore-magmatic systems
of Cu-Mo deposits. In: Geology and metallogeny of
copper deposits. Proc. of the Copper Symposium,
27th International Geological Congress, G.H.
Friedrich et al. (eds.), Moscow, Springer-Verlag, Ber-
lin, 291-302.
Sotnikov, V. I; Berzina, A. P. (2000) Porphyry Cu-Mo
ore-magmatic systems of Siberia and Mongolia.
In: Ore-bearing granites of Russia and adjacent
countries. A. A. Kremenetsky et al. (eds.), IMGRE,
Moscow, 263-279.
Sotnikov, V. I; Poliveev, A. G; Berzina, A. N. (1985) Physi-
cochemical formational characteristics of ore-bear-
ing granitic rocks, the Zhireken Cu-Mo deposit.
Doklady. Academii Nauk SSSR, 283, 1463-1465.
Sotnikov, V. I; Berzina, A. N; Economou-Eliopoulos, M;
Eliopoulos, D. G. (2001) Palladium, platinum and gold
distribution in porphyry Cu±Mo deposits of Russia
and Mongolia. Ore Geol. Rev., 18, 95-111.
Streckeisen, A; Le Maitre, R. W. (1979) A chemical
approximation to the modal QAPF classification of
the igneous rocks. Nb Mineral Abh., 136, 169-206.
Tsuchiyama, A. (1985) Dissolution kinetics of plagioclase
in the melt of the system diopside-albite-anorthite
and origin of dusty plagioclase in andesites. Contr.
Mineral. Petrol., 69 (1), 1-16.
